The flavor changing neutral current process, B d,s → µ + µ − , has attracted a lot attention since it is very sensitive to the structure of SM and potential new physics beyond SM and was shown to be powerful to shed light on the existence of new physics before possible new particles are produced at colliders [1, 2, 3, 4, 5, 6, 7, 8] . In a very large region of parameter space supersymmetric(SUSY) contributions was shown to be easy to overwhelm the SM contribution [6, 7] and even reach the experimental upper bound [9] B r (B d → µ + µ − ) < 6.8 × 10 −7 (CL = 90%)
B r (B s → µ + µ − ) < 2.0 × 10 −6 (CL = 90%).
In other words measuring the branching ratio of B d,s → µ + µ − can give stringent constraints on the possible parameter space of new physics, especially for those of the minimal supersymmetric standard model(MSSM) because of the tan 3 β dependence of SUSY contributions in some large tanβ regions of the parameter space [10, 11, 6] . The enthusiasm on the process also relies on the observation that this process is very clean and the only nonperturbative quantity involved is the decay constant that can be reliably calculated.
The first results on CP violation in B d -B d mixing have been reported by the BaBar and Belle Collaborations [12] in the ICHEP2000 Conference. More experiments on B physics have been planned in the present and future B factories [13] . In the letter we study CP violation in B d,s → µ + µ − , which may be measured in the near future. Obviously for the process B d,s → µ + µ − there are no direct CP violations since there are no strong phases in the decay amplitude [2, 4, 6] . But as it is well known CP violating effects can survive after taking into account the mixing of the neutral mesons, B 0 andB 0 , in the absence of the strong phases. We will give a model-independent description for the CP violating effects of the process induced by mixing of B 0 andB 0 and analyze them in SM and new models, a two Higgs doublet model(2HDM) with CP violating phases and MSSM.
We need to know what kind of CP violating observables can be defined in the process. At first, direct CP violation, as noted above, is absent in this process. T-odd projection of polarization is a kind of useful tool to probe the CP violating effects, for example, in B → X l + l − [14, 15] . However for the process we are discussing here, we have actually only one independent momentum and one independent spin which can be chosen as those of µ − , so no T-odd projections can be defined. B 0 andB 0 mixing, i.e., the time evolution of B 0 andB 0 system, is necessary for the CP violating phases to show them up. One may rely on the decay width for decays to final eigenstates of specified helicity. But unlike the case generally discussed for hadronic final states, for example, that in Ref. [16] , the detected final states of µ + and µ − of this process in experiments are basically two asymptotic energy-momentum eigenstates which are not CP eigenstates. Considering for instance B 0 decays to µ + µ − in the rest frame of B 0 , due to the energy-momentum conservation we denote the four-momenta of µ − and µ + as p = (E, p) andp = (E, − p). Then the angular momentum conservation tells us that µ 
Two corresponding time integrated CP asymmetries are
The light B L and heavy B H mass eigenstates are given by
where B 0 andB 0 are the flavor eigenstates of the neutral B meson. Considering Eq. (6), the time evolutions of the initial pure B 0 andB 0 states are simply [19] |B 0
with g ± (t) given by
So the time dependent decay rate for B 0 phys (t) → µ
Similarly we have
where A S (Ā S ) is the amplitude for B 0 (B 0 ) decaying to helicity eigenstates µ 
The absence of strong phases implies
From Eqs. (7), (8) and (10), it is straightforward to derive
Therefore, if
or
then r = 1, i.e., one has CP violation. The effective Hamiltonian governing the process B d,s → µ + µ − has been given in Refs. [20, 10, 6] . Using the effective Hamiltonian, we obtain by a straightforward calculation
where [17, 18, 21, 10, 6, 22] . Note that when getting Eq. (15) we have fixed the phase convention between B 0 andB 0 , i.e., CP|B 0 >= −|B 0 >. Using Eq. (14), eq. (13) reduces to
or equivalently
In SM, one has [23] 
up to the correction smaller than or equal to order of 10 −2 , C 10 is real and C Q i is negligibly small. So it follows from Eqs. (15), (18) that x = 1 and φ f + φ x =0. Therefore, there is no CP violation in SM.
2 If one includes the correction of order of 10 −2 to x=1, the CP violation would be of order of 10 −3 for B 0 d which is unobservably small while for B 0 s it can reach order of 10 −2 . We now consider the case in a general 2HDM and MSSM. It has been shown [24] that the contributions to the mixing of B 0 andB 0 from 2HDM or MSSM can be significant when charged Higgs boson mass and tanβ are very small(m H ± ≤ 200 GeV and tanβ ∼ 2) or the gluino mass and the squark mass are small (around 100 GeV and 200 GeV respectively) and tanβ is also small. While all other contributions suppressed in the large tanβ limit, the only contribution surviving in this limit is the contribution coming from exchanging neutrilino and down-type squarks and the contribution can become important only in a very narrow region of down-type squark mass in the low mass spectrum case [24] . In the following we limit ourself to discuss CP violation for B 0 andB 0 decays far away from these regions, i.e., in the regions with large tanβ and relatively heavier down-type squark mass. Therefore, to a good approximation we can take the mixing to be that in SM, i.e., Eq.(18).
Defining ξ =Ā 
where opposite tagging order [16] which turn out to be just of the opposite sign of those defined above Eq. (19) , (20), (21) and (22) . The CP asymmetries not requiring measurement of the time order as one may naively imagine to define, however, turn out to be zero because of the the relation Eq. (14) and the approximation Eq. (18) we have used in our discussions. From Eq. (21) and (22) one can simply get the maximal limit of the CP violating observables
which is about 63% for q=d and 5% for q=s. For B 0 s we know that X s is experimentally larger than 15.7(90% CL) [9] , so we can neglect the number 2 in the formula and get
The situation is clearly quite different for B 
where Br and A CP are the branching ratio and CP asymmetry corresponding to the specific process. For the case here we have
and
with
In Fig. 1 the correlation between N s , since we know that in generic 2HDMs the contributions from exchanging up-type quarks of the first two generations are suppressed due to the CKM mechanism, while in general SUSY models although there are no corresponding super-CKM mechanism, the contribution of exchanging stops is the most important one because the large mixing of stop masses and the consequently light mass of the lighter stop). The points in the figure are plotted satisfying the constraints Eq. (1), one of N (21) and (22) one has
which says exactly that up to w ∼ 4 which is
is only about 1.31. Likewise one may also parameterize small |ξ| 2 as wX
) and similarly we have
Clearly because of these two stationary points, it is difficult for the difference of the absolute of the two amplitudes ,Ā L and A L , to show up in the CP asymmetries of B 0 d → µ + µ − decay, and only when huge cancelation occurs in one of the two amplitudes would it be possible to differ from one considerably. In other words one may say that for not very large split of branching ratio of the two channels, the difference between branching ratios can be compensated by the CP asymmetries of two pairs of processes. Therefore in vast of the parameter space we would observe strong correlation of the two quantities for B Fig. 1 is devoted to the correlation of CP asymmetries of the two mesons. One sees that they do not exhibit strong correlation in the parameter space which is actually implied by the fact that in the most of the parameter space, |ξ s | 2 (of order one) is not important at all because of the very large X (21) and (22) . Now we discuss CP violation of the process in various models. For a CP softly broken 2HDM [25] , the CP violation is depicted by the phase of vacuum ξ H (in paper [25] , ξ is used instead of ξ H ). In Fig. 2 we give the plots of A For generic SUSY models, the constraints of electron EDM(EDME) and neutron EDM(EDMN) on the CP violating phases have been checked by many authors [26, 27, 28, 15] . The scenario with large tanβ, which we have much interests here, have been discussed in our previous papers [15] . The constraint of B → X s γ has also been presented there. In the case of low mass spectrum of general SUSY model(the lighter stop of order 200 GeV and chargino masses less than 200 GeV), C Q1 and C Q2 are constrained by the B → X s γ decay, i.e. C 7 , because they both receive most important SUSY contributions from exchanging top squark. An interesting case happens when the SM contribution to C 7 is completely cancelled by the real part of SUSY contributions and a considerable imaginary part is left [15] ( so that the constraint on C 7 is satisfied ). C Q1 and C Q2 , in this case, exhibit phases about ±π/4. The absolute of CP asymmetries for B 0 d can then be much larger than 30% provided appropriate large tanβ is chosen. CP asymmetries for B 0 s can also be ±3% in this case. For the case of high mass spectrum where the B → X s γ constraint can be safely satisfied, the magnitudes of C Q1 and C Q2 are also suppressed by the mass spectrum and CP asymmetries can still reach ±10%. In the supergravity(SUGRA) model there is another feature which would have important phenomenological implications, i.e., because electroweak(EW) symmetry is broken spontaneously the masses of the two heavier neutral Higgs bosons are of the same order. Hence in general there is a large cancelation happened in the numerator of Eq. (15) in SUGRA models. The consequence of it is that for B 
It is shown that the CP violation vanishes(more precisely, O(10 −3 ) which is unobservably small) for B 
